The OPERA experimental program with CNGS by Duchesneau, D.
The OPERA experimental program with CNGS
D. Duchesneau
To cite this version:
D. Duchesneau. The OPERA experimental program with CNGS. International Workshop on
Topics in Astroparticle and Underground Physics 8 TAUP2003, Sep 2003, Seattle, United
States. 138, pp.411-414, 2005, <10.1016/j.nuclphysbps.2004.11.094>. <in2p3-00014170>
HAL Id: in2p3-00014170
http://hal.in2p3.fr/in2p3-00014170
Submitted on 25 Nov 2003
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de























9 chemin de Bellevue - BP. 110 












Invited talk at the 8th International Workshop on Topics in Astroparticle  
















           !"# $	
%	& 	'	((()$*

































+, - .  	 /$0 1$	02 21 3	
0$2 #($0 02 3 2	0  0 4$	
	2 $1$2 	32$	02$! 5 002$  	
	 !3$ 002$ 60 	$ 2
 	 $! ($ 0$	71  	 
0$2 002$ 02 2	0 0 0$2 0$	02
0  0 2
0  1 02 ($	$! 	$ )2$  
 
	(
(	$	  0 , 1 $1!  

3	
4 -. 	0  7 )$2 0 0$2 2$
 2$$ 02 0	3 	312! 0 2$1 2)
0 0$2 2	02 23$ 	0 0 	02
($ 8





2	02 !(20 02 0 ($9	27	
























5 4 0$2 3	  	 1 $1!
3	 2(0 )2$  
 
	((	$	 60 	 	
0$2 $1! 2) 	320   4" 5 3	
	$	0$0 	$ 	$  ) - . 	 0
20$02 0	0 2) 0 4 ($2<0 	 3
)2  ) -=. 5 (230! 2) 	 $	 2)
0 0$2 3	 00! 3! 	 )	02$  = 2
(	$ 02 0 2$1	 1  $ 0! ->.
?26$ 0 )		30! )2$ 0 (1$	 2
	6	0 $0 2) 00 ($)2$  






($202 2 0	$10 %(20* 	 3
$ $1 2 !	$ 	1  	!
2) 2($	02 5 3$ 2) 	$1 $$0
	 0$	 $$0 0$	02 #(0  0
4$	 	2 	32$	02$! )$2  

	$ 	320  





2	02 !(20  2/$
0 3$ 2)  B ($2 	 	$1 $$0
0$	02 	0 0 4$	 	2 2 3 2) 0 2$












	((	$	 	$  3	 2 0 23
$	02 2) 0 ($2 3! 	$1 $$0
0$	02 %* 60 0  	!1  	 (2
3 	! 2 5 ($( 2) 0 +,
#($0  02 23$ 0  0$	<02$ 	
0 	! ($20  2 / 2(2
2) 062 0 2 	!$ %=  07* (0 2
0$  2) 	 (	0 3	 %  07* 52
	 	 	$1 0	$10 	 0 2 /
	$ 0$	 60    07 	 (	0 5
3	 002$ 0 	 , 3$7  230	
3! 0	71 => 	 (	0 60 = 2 /
 2$$ 02 $	  C 702 0	$10 	 >>
3$7 6 3 0	 02 6	 (	$	0 )$2
	 20$ 3! $0	 (	 2) 0$2 0	$10
0$	7$  2$ 2(0 $(02 2) 0 
002$ 0( 	 3 )2  ) - .
 3$) 	$! 2) 0 20$02 0	0 2)




5 2 / 	$ ($2  E	(	 3!
@E 2(	! 	 0 	 ($202 0	$0
 ($  	0 	 $	0 2) 	320 C 

A20
5 0$ ($202 6 2$$(2 02 	 020	
2)  =  

 52 $	 0 2 $	! 0$	7
$2$ $1 / ($202 	 3F0
	(	02 	 $)$1 ($2 201 2)
	1 0 2  	 =; $	0 0!
$1  	! 	0 	 0($	0$ 2) 

  ($
)2$  0 522   E	(	 5 ($2
$ 	26 02 $	 2$ 0	 C; 2) 0 0$	7
3)2$ 0$	(2$0	02 02 4$	 	2
5 	  )2$ 0 3$7 20 2) 26 $	
2	00! 	 %2* 60 ; 	 	 )2$
$10! ($(2 5 	 07  20$2
60 	    	$	!  ($2020!( ($202
  60 0 42	$ /$  4$	!
   	
5 0$2 0	$10 0$	7$  2(2 2) G
	 H (	 2) => IH? (	0 0
	02$ 0$( %>  # =  #   * ,	 (	
    2 ,	 0$(  $	 20
2 320  3! 	 9$	$	! 6	 10 )01
2(0	 /3$ 20 02 > 	 ?			0
(2020($ 03 5 	 12	 2) 0 
0$2 002$  02 ($2 	 0$11$ 60 	 Æ
! 1$	0$ 0	 ; )2$ 0$2 0$	02
	 	 Æ0 2		02 2) 0 3$7 6$
0 0 2$
5 20$02 	 	3! 2) 0 0	$10
0$	7$ 2 0	7 (	  0$	32$1 5
($202 $	0 2 3 2) C 2 ($ 67
$! 	 0		02 	0 0 4$	 	2 	32
$	02$!  (	 02 0	$0 311 2)  
   	
5 2 (0$20$ 	26 	 0$	
02 2) 0 	$1 	 20 2) 2 121
0$21 3! 	$1 0$ $	0$  	 (2
	$ 	10 6 ($2  > 5	 0$	$
02 0 0$2 3	 	# ,	 (0$20$ 
F(( 60 # $0	 (	 2) $)0 03
	 ($2 0$	7$ 0210$ 60  (	 %C#C


* 2)  3	70 	3$ 5 B 	$
2	0  0 	10 306 0 =  07
$0	 $2 	3 5 0		02 2) 0 /	
(0$20$  0 ?	  2) 0 4$	 	2
$1$2 	32$	02$! 	 	$	! 0	$0 
I	!  5 $2 	3 0 !27 0 2 	
0 (26$ (( 	 3 2$$  0 	
0 5 /$0 3	0 2)  	3$ 	$ #
(0 02 	$$  23$  	0 4$	 	2
02 3 0	  0 /$0 (0$20$
5 ($2 0$	7$ (	 	$ 2(2 2)
 0	11$ 	!$ 2)  >C 	 03 C 
21 60 C  20$ 	0$  ) 	
($2020!( 2 	 3 30 	 00 
?	3$1 5 (	0	 $202 2) 0 002$
 300$ 0	 = 
5 (! ($)2$	 2) 0 2(0 (
0$20$ $ 0 	$1 2)2 02  0	
; 	 1 	 20 $202 300$
0	 ; )2$ 20  0	 = 4" 5
2 0/	02 Æ! $	 =; 1
0 0	$10 0$	7$ )2$	02 )2$ 0 	 6$







5  	! 	 01	0 3! +,
	$ 0   	 	$2 5	3   	$
0 +, ($)2$	 	)0$ = !	$ 2) $
1 60 0 =; $	 4 00!
%=# 

(20* 5 3$  (	$0 	$
230	 )$2 0 2	 4 00! 
$1 =# 

(20  = !	$ 5 3$





02  1 	 	 )02 2) 0 0 	
)2$ 0$ D$0 	 2) 8

	0 ) #1
5 020	 Æ! 1 0 3$	1 $	02
	20 02  ; 	 0 020	 3	71$2  0
	0 02 3  0	  > 0 5 	 3	7
1$2 2$ 	$ 	$ 	! %= ;* 	$1 	
1 2 	00$1 % >;* 	 	$2 $0$	
02 %;*  ($23	30! 	$1$ 0	 =; 02
	 	   1/	0 D0 	)0$ = !	$  $	
)2$ 8





 5 ($23	30! $2(
02  =; )2$ 8











?	1 #0 0$2 0/	02 	(	





	((	$	 -. 60 0
5	3  
	$! 2) 0 #(0 3$ 2)  0  = !	$ )2$ D$0 8

60 0 #(0 3	71$2
	 002 Æ ($ 	! 	 )2$ +, 5 3$  (	$0 	$ 230	 60
0 0	 4 00! 1











    C % *    %*  %> *  ;   % *
     %*  %* > %= * C;  %*
    = % * = %* C %=* ;   %C*
520	   % *    %*  > % > *  ;  > % *
4 3	 5 		! ($(  3	 2
	 	$ )2$ 	 # 2)  

 0 	0 26
0$2 $1 5 	 3	71$2 2
)$2 0 0$2 0$2 20		02 %C;*
($0  0 3	 5 		! 0	7 02 	










62 2$ 	0 0 	02($ 8

	 5
0 02$0 0 7	0	 0$302 6$
0 26 $1! 0 20$30 5 0
0! 02 

 230	 3! 21 	 

	
02 1 0 3 $1! 0 1 0$	
$ $1! 	 0 0$2 $1! 0$302
 6 0 2	02 (	$	0$ 	$ 5	
3  	$ 0 #(0 3$ 2) 0
0 	1 = !	$ $1 	 0 0














	0  	 2) 

 	71$2





	20 02   	 = $(0!
5	3 
,#(0 3$ 2) 1	 	 3	71$2




























 =  C  = 
 =C  C  > =C
=   C  > 






	)0$ = !	$ 6 	 02 1/	0
($20 2$ 0 	0	 ?++J 0 -C.




5 4 20$02  ($21$1 6
5 ($2<0  2  	 	 0	$0(  #
(0 )2$ E > 0 0 	 0 +,
0$ 0 20$02 (	 	 2 3 $	!
02 0	7 	0	 3! >






3  	)0$ 2! 	 )6 !	$ 2) 	0	 0	71
5 $! 122 0$2 0/	02 	 	










  +, 2	32$	02 I 4$    
,#($0 ($2(2	 ,C
	 
4 =A %*K 0	0 (2$0
2 0 +, #($0 ,
 = 	 
4,G A  % *
 4 F0	(	     , C 	
A,CA = % C*K  	!    
L 02 (2$0 , CM,

  	 A,A= % *K ,
	     
20 > %*
 H ?	!	02 20$302 02 0 , 2)$
 <!  	 4$	!
   	  !  %$2 ((*
  %*  -(#AC.
=  $22 0 ($21
>  	((     ,
  % *
 I 92	0  I12NN 	  5$$	2	
E ! 4 %*    -((A  .
C ?++J 2	32$	02 I (222    
! 
00   >> % *   =
